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There is provided a communication device including: a data 
acquisition unit that acquires sensed data related to a signal 
receiving condition in a spectrum assigned to a first commu 
nication service; a determination unit that determines which 
of a first area inside a service area of the first communication 
service where a signal receiving condition is suitable, a sec 
ond area inside or in a peripheral part of the service area 
where a signal receiving condition is not suitable and a third 
area outside the peripheral part of the service area the com 
munication device is located based on the sensed data 
acquired by the data acquisition unit; and a secondary usage 
starting unit that starts usage of a second communication 
service using a part or whole of the spectrum assigned to the 
first communication service by a procedure different depend 
ing on a kind of the area where the communication device is 
located determined by the determination unit. 
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COMMUNICATION DEVICE, 
COMMUNICATION CONTROL METHOD 

AND PROGRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a communication device, a 

communication control method and a program. 
2. Description of the Related Art 
Discussions have been taking place recently regarding sec 

ondary usage of a spectrum assigned for primary usage to 
provide a secondary communication service depending on 
the use condition of the spectrum. For example, the standard 
specification for allowing an unused channel contained in a 
spectrum of the U.S. digital TV broadcast (TV white spaces) 
to be available for radio communication has been studied in 
the IEEE802.22 working group (“IEEE802.22 WG on 
WRANs', online, Searched on Jan. 5, 2009, cf. Internet 
<URL: http://www.ieee802.org/22/>). Further, according to 
the report from the Federal Communications Commission 
(FCC) on November 2008, the discussions are directed 
toward permitting secondary usage of TV white spaces by 
using specific communication devices that have been autho 
rized by fulfilling a certain criterion (“Second Report and 
Order and Memorandum Opinion and Order, online. 
Searched on Jan. 5, 2009, cf. Internet <URL: http://hraun 
foss.fcc.gov/edocs public/attachmatch/FCC-08 
260A1.pdf>). In addition, there are moves, led by the EU, 
afoot to universally allocate a dedicated control channel 
called the cognitive pilot channel (CPC) for making dynamic 
spectrum access (DSA). Technological studies for a second 
ary usage system that makes DSA are also being progressed 
in IEEE Standards Coordinating Committee (SCC) 41. 

SUMMARY OF THE INVENTION 

However, secondary usage of the above-described white 
space, which is an unused spectrum in an area where a com 
munication service related to primary usage (which is 
referred to hereinafter as a first communication service) is not 
provided does not lead to fully effective utilization of a lim 
ited spectrum. One reason is that secondary usage of the white 
space is utilization of a spectrum that is apparently available 
throughout a long or medium term in a particular region, and 
an actual opportunity of usage is limited to an area where 
there are only a small number of users of the first communi 
cation service. Further, as for secondary usage of the TV 
white space in the United States, for example, it is predicted 
that part of the spectrum is auctioned and a spectrum left for 
secondary usage is Small. Therefore, if the target of secondary 
usage is limited to the white space, an issue of the future 
shortage of spectrums is not likely to be solved. 

In light of the foregoing, it is desirable to provide a novel 
and improved communication device, communication con 
trol method and program that achieve efficient secondary 
usage of a spectrum in an area not limited to the white space. 

According to an embodiment of the present invention, 
there is provided a communication device including a data 
acquisition unit that acquires sensed data related to a signal 
receiving condition in a spectrum assigned to a first commu 
nication service, a determination unit that determines which 
of a first area inside a service area of the first communication 
service where a signal receiving condition is suitable, a sec 
ond area inside or in a peripheral part of the service area 
where a signal receiving condition is not suitable and a third 
area outside the peripheral part of the service area the com 
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2 
munication device is located based on the sensed data 
acquired by the data acquisition unit and a secondary usage 
starting unit that starts usage of a second communication 
service using a part or whole of the spectrum assigned to the 
first communication service by a procedure different depend 
ing on a kind of the area where the communication device is 
located determined by the determination unit. 

In this configuration, the kind of the area where the com 
munication device is located is determined by the determina 
tion unit based on the sensed data related to a signal receiving 
condition that is sensed or collected by the data acquisition 
unit. The kind of the area where the communication device is 
located is either one of the first area inside a service area of the 
first communication service where a signal receiving condi 
tion is Suitable, the second area inside or in a peripheral part 
of the service area where a signal receiving condition is not 
suitable, and the third area outside the peripheral part of the 
service area. The peripheral part of the service area of the first 
communication service is an area that is not included in the 
service area of the first communication service, but when a 
communication device located in the area transmits a radio 
signal having a normal transmission power level, there is a 
possibility that an effect such as interference is given to the 
quality of the first communication service. Further, the area 
outside the peripheral part is an area that is Sufficiently distant 
from the service area, and transmission of a radio signal from 
a communication device located in the area does not normally 
give an effect to the quality of the first communication service 
or the like. Then, secondary usage of a spectrum assigned to 
the first communication service is started by a procedure 
different depending on the kind of the area. It is thereby 
possible to efficiently make secondary usage of the first com 
munication service in an area not limited to the white space 
depending on the environment of the area. 
When it is determined that the communication device is 

located in the second area or the third area, the secondary 
usage starting unit may start usage of the second communi 
cation service without requesting permission to a coordinator 
of the first communication service. 
When it is determined that the communication device is 

located in the second area, the secondary usage starting unit 
may detect a time slot, a frequency slot or a code not used in 
nearby vicinity of the communication device in the spectrum 
and starts usage of the second communication service by 
using the detected time slot, frequency slot or code. 
When it is determined that the communication device is 

located in the second area, the secondary usage starting unit 
may limita power level of a transmission signal for the second 
communication service within a range determined based on 
the sensed data. 
The determination unit may determine whether the com 

munication device is located in the first area or not based on a 
signal level of a received signal in the spectrum. 
The determination unit may further determine which of the 

second area and the third area the communication device is 
located based on a degree of fading appearing in a received 
signal in the spectrum. 
The determination unit may determine that the communi 

cation device is located in the third area when a control 
channel oran uplink signal of the first communication service 
is not detected. 
When it is determined that the communication device is 

located in the first area, the secondary usage starting unit may 
request permission for starting usage of the second commu 
nication service to a coordinator of the first communication 
service. 
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The communication device may further include a second 
ary usage extending unit that extends a service area of the 
second communication service by negotiating with another 
communication device located in nearby vicinity of the com 
munication device and using the second communication Ser 
Vice under permission of a coordinator of the first communi 
cation service. 

According to another embodiment of the present invention, 
there is provided a communication control method including 
the steps of acquiring sensed data related to a signal receiving 
condition in a spectrum assigned to a first communication 
service, determining which of a first area inside a service area 
of the first communication service where a signal receiving 
condition is suitable, a second area inside or in a peripheral 
part of the service area where a signal receiving condition is 
not suitable and a third area outside the peripheral part of the 
service area the communication device is located based on the 
acquired sensed data and starting usage of a second commu 
nication service using a part or whole of the spectrum 
assigned to the first communication service by a procedure 
different depending on a kind of the area where the commu 
nication device is located. 

According to another embodiment of the present invention, 
there is provided a program causing a computer controlling a 
communication device to implement functions including a 
data acquisition unit that acquires sensed data related to a 
signal receiving condition in a spectrum assigned to a first 
communication service, a determination unit that determines 
which of a first area inside a service area of the first commu 
nication service where a signal receiving condition is Suit 
able, a second area inside or in a peripheral part of the service 
area where a signal receiving condition is not suitable and a 
third area outside the peripheral part of the service area the 
communication device is located based on the sensed data 
acquired by the data acquisition unit and a secondary usage 
starting unit that starts usage of a second communication 
service using a part or whole of the spectrum assigned to the 
first communication service by a procedure different depend 
ing on a kind of the area where the communication device is 
located determined by the determination unit. 

According to the embodiments of the present invention 
described above, it is possible to provide a communication 
device, a communication control method and a program that 
achieve efficient secondary usage of a spectrum in an area not 
limited to the white space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing an overview of sec 
ondary usage of a spectrum. 

FIG. 2 is a block diagram showing an example of a hard 
ware configuration of a communication device according to a 
first embodiment. 

FIG. 3 is a block diagram showing an example of a logical 
configuration of a communication device according to the 
first embodiment. 

FIG. 4 is a flowchart showing an example of a flow of a 
communication control process up to start of secondary usage 
according to the first embodiment. 

FIG. 5 is a flowchart showing an example of a detailed flow 
of area determination processing according to the first 
embodiment. 

FIG. 6 is a schematic view showing extension of a service 
area established by secondary usage of a spectrum. 

FIG. 7 is a block diagram showing an example of a logical 
configuration of a communication device according to a sec 
ond embodiment. 
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4 
FIG. 8 is a sequence chart showing an example of a flow of 

negotiation between communication devices upon extension 
of secondary usage according to the second embodiment. 

DETAILED DESCRIPTION OF THE 

EMBODIMENT(S) 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail with reference to the appended 
drawings. Note that, in this specification and the appended 
drawings, structural elements that have Substantially the same 
function and structure are denoted with the same reference 
numerals, and repeated explanation of these structural ele 
ments is omitted. 

Preferred embodiments of the present invention will be 
described hereinafter in the following order. 

1. Overview of Secondary Usage of Spectrum 
2. Description of First Embodiment 
2-1. Configuration of Communication Device 
2-2. Flow of Processing 
3. Description of Second Embodiment 
3-1. Configuration of Communication Device 
3-2. Flow of Processing 

1. Overview of Secondary Usage of Spectrum 

An overview of secondary usage of a spectrum according 
to an embodiment of the present invention is described here 
inafter with reference to FIG. 1. FIG. 1 shows a base station 
10 and a plurality of communication devices located inside or 
outside a service area 12 of a first communication service 
centering on the base station 10. 
The base station 10 provides the first communication ser 

Vice to communication devices located inside the service area 
12 by using a given spectrum. The first communication ser 
Vice may be an arbitrary communication service Such as a 
digital TV broadcast service or a mobile phone connection 
service. Further, the base station 10 can operate as a so-called 
coordinator that determines the availability of start or exten 
sion of secondary usage in the given spectrum assigned to the 
first communication service. In this case, the base station 10 
verifies whether to permit start or extension of secondary 
usage in response to a request from a communication device 
that intends to make secondary usage of a spectrum assigned 
to the first communication service. At this time, the base 
station 10 may designate or recommend a parameter Such as 
a transmission power to be used for secondary usage. Further, 
the base station 10 may also serve as a data server that stores 
data related to a communication environment of the first 
communication service in an integral manner. In this case, the 
base station 10 stores data of a frequency currently in use for 
each location inside the service area 12, use history data of a 
frequency for each location, predicted data related to a con 
dition of traffic predicted from the use history data and so on. 

FIG. 1 also shows areas 14, 16a, 16b and 18 in which a 
plurality of communication devices are located, inside or 
outside the service area 12. The area 14 is an area outside the 
peripheral part of the service area 12 of the first communica 
tion service, which is a so-called white space. In this case, 
even if a communication device located in the area 14 trans 
mits a radio signal, an effect such as interference is not usually 
given to the first communication service. 
On the other hand, the areas 16a, 16b and 18 are areas 

inside and in the peripheral part of the service area 12 of the 
first communication service. For example, a communication 
device 100a located in the area 16a is unable to suitably 
receive a radio signal transmitted from the base station 10 



US 8.447,861 B2 
5 

because the radio signal is blocked by a building. In this 
manner, there may be an area where it is difficult to use the 
first communication service due to shadowing (shielding) or 
the like inside the service area 12 of the first communication 
service. Such an area is sometimes called “spectrum hole' 
because it appears as if there is a spatial "hole' in the spec 
trum of the first communication service. Further, a commu 
nication device 100b located in the area 16b, for example, is 
subject to fading because a distance from the base station 10 
is not close and thus unable to Suitably receive a radio signal 
transmitted from the base station 10. When a communication 
device is located in an area where a signal receiving condition 
is not suitable Such as the spectrum hole or the peripheral part 
of the service area, secondary usage of a spectrum is possible 
without an adverse effect on the first communication service 
by limiting a power level of a transmission signal from the 
communication device. In this specification, an area inside or 
in the peripheral part of a given service area where a signal 
receiving condition is relatively unsuitable and where sec 
ondary usage of a spectrum is possible by limiting a power 
level of a transmission signal is called 'gray space (gray 
area)' in contrast to the white space. Secondary usage of a 
spectrum assigned to the first communication service in the 
gray space is useful for a user who is unable to suitably use the 
first communication service. 
The area 18 is an area inside the service area 12 of the first 

communication service. A communication device 100c 
located in the area 18, for example, is able to suitably receive 
a radio signal transmitted from the base station 10. However, 
a spectrum assigned to the first communication service is not 
necessarily used thoroughly (densely) in the service area 12. 
In such a case, the communication device 100c can make 
efficient use of the spectrum by making secondary usage of 
the spectrum assigned to the first communication service 
under permission of the base station 10, which is a coordina 
tor of the first communication service. In this specification, a 
network area for secondary usage of a spectrum established 
under permission of a coordinator of the first communication 
service is called "green space (green area)'. 
As described above, technological studies for secondary 

usage of the white space, which is an area outside the service 
area 12 of the first communication service, have been carried 
out. On the other hand, technological studies for secondary 
usage of a spectrum in the above-described gray space or 
green space have not been Sufficiently carried out. In light of 
this, a Suitable configuration of a communication device and 
a process flow for making secondary usage of a spectrum in 
the gray space or the green space according to a communica 
tion environment of the first communication service are 
described specifically hereinbelow. 

In this specification, the term 'secondary usage’ typically 
means utilization of an additional or alternative communica 
tion service (a second communication service) using a part or 
whole of a spectrum assigned to a first communication ser 
vice as described above. In this context about the meaning of 
the term "secondary usage', the first communication service 
and the second communication service may be services of 
different types or the same type. The services of different 
types may be selected from services such as digital TV broad 
casting service, satellite communication service, mobile 
communication service, wireless LAN access service, P2P 
(Peer To Peer) connection service and the like. On the other 
hand, services of the same type may contain, for example, a 
relationship between a service of macro-cell provided by a 
communication carrier and a service of femto-cell operated 
by users or MVNO (Mobile Virtual Network Operator). Addi 
tionally, services of the same type may contain, for example, 
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6 
a relationship between a service provided by a base station of 
a communication service according to WiMAX, LTE (Long 
Term Evolution), LTE-A (LTE-Advanced) or the like and a 
service provided by relay station (relay node) to cover a 
spectrum hole. Further, a second communication service may 
be a service utilizing a plurality of fragmentary frequency 
bands aggregated using spectrum aggregation technology. 
Furthermore, a second communication service may be a 
Supplementary communication service provided by femto 
cells, relay stations or Small or medium sized base stations for 
Smaller service area than normal sized base stations within a 
service area of a normal sized base station. The Subject matter 
of each embodiment described in this specification is appli 
cable to every type of mode of Such secondary usages. 

2. Description of First Embodiment 

2-1. Configuration of Communication Device 

(Example of Hardware Configuration) 
FIG. 2 is a block diagram showing an example of a hard 

ware configuration of a communication device 100 according 
to a first embodiment of the present invention. Referring to 
FIG. 2, the communication device 100 includes a central 
processing unit (CPU) 22, read only memory (ROM) 24, 
random access memory (RAM) 26, a bus 30, an input/output 
interface 32, an input device 40, an output device 42, a storage 
device 44 and a communication interface (I/F) 46. 
The CPU 22 controls the operation of the communication 

device 100 as a whole. The ROM24 stores programs executed 
by the CPU 22, data and so on. The RAM 26 temporarily 
stores a program or data during execution of processing by the 
CPU 22. The CPU 22, the ROM 24 and the RAM 26 are 
connected with one another through the bus 30. The input/ 
output interface 32 is also connected to the bus 30. The 
input/output interface 32 connects the CPU 22, the ROM 24 
and the RAM 26 with the input device 40, the output device 
42, the storage device 44 and the communication interface 46. 
The input device 40 receives an instruction or information 

input from a user through a button, a Switch, a lever, a mouse, 
a keyboard, a touch panel or the like, for example. The 
instruction from a user includes an instruction for starting 
secondary usage of a spectrum or the like, for example. The 
output device 42 outputs information to a user through a 
display device such as a cathode ray tube (CRT), a liquid 
crystal display or an organic light emitting diode (OLED), or 
an audio output device Such as a speaker, for example. The 
information output to a user includes information for notify 
ing Success or failure of start of secondary usage of a spec 
trum or the like, for example. The storage device 44 is made 
up of a hard disk drive or flash memory, for example, and 
stores programs, data and so on. The communication inter 
face 46 mediates communication processing for the first com 
munication service or the second communication service. 

Each of the functions of the communication device 100 
described later may be implemented as software, for example. 
In the case where each function is implemented as Software, 
a program constituting software is stored in the ROM 24 or 
the storage device 44 shown in FIG. 2, loaded to the RAM 26 
upon execution and executed by the CPU 22, for example. 
Alternatively, each function may be implemented as hard 
ware by using a dedicated processor which is additionally 
mounted to the communication device 100. 
(Example of Logical Configuration) 

FIG. 3 is a block diagram showing an example of a logical 
configuration of the communication device 100 according to 
the embodiment. Referring to FIG. 3, the communication 
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device 100 includes a communication unit 110, a data acqui 
sition unit 120, a determination unit 130 and a secondary 
usage starting unit 140. 

The communication unit 110 receives radio signals reach 
ing the communication device 100 and transmits radio signals 
to another communication device with use of the communi 
cation interface 46 shown in FIG. 2. Radio signals received by 
the communication unit 110 include a downlink signal of the 
first communication service from the base station 10 and an 
uplink signal of the first communication service transmitted 
from another communication device to the base station 10, for 
example. Further, radio signals received by the communica 
tion unit 110 also include a radio signal of the second com 
munication service transmitted from another communication 
device, for example. A communication protocol used for the 
second communication service maybe IEEE802.11a/b/g/n/s, 
Zigbee, WiMedia or the like, for example. 
The data acquisition unit 120 acquires sensed data related 

to a signal receiving condition in a spectrum assigned to the 
first communication service. Specifically, the data acquisition 
unit 120 may sense a receiving condition of a radio signal by 
the communication unit 110 and generate sensed data. The 
sensed data include a signal level of a radio signal received by 
the communication unit 110, dispersion of a signal level 
indicating the degree of fading, a frequency spectrum, a noise 
ratio (e.g. SNR or CNR), an error rate (e.g. BER or PER) or 
the like, for example. Further, the data acquisition unit 120 
may acquire the sensed data by additionally receiving the 
sensed data from another communication device located in 
the nearby vicinity of its own device, for example. The sensed 
data is output from the data acquisition unit 120 to the deter 
mination unit 130. 
The determination unit 130 determines in what kind of area 

in relation to the first communication service its own device is 
located based on the sensed data acquired by the data acqui 
sition unit 120. The area in which the communication device 
100 is located is classified to any one of a first area inside the 
service area 12 and where a signal receiving condition is 
Suitable, a second area inside or in the peripheral part of the 
service area 12 and where a signal receiving condition is not 
suitable, and a third area outside the peripheral part of the 
service area 12. The first area is an area in which secondary 
usage of a spectrum is available as the green space under 
permission of a coordinator of the first communication ser 
vice. The second area is an area in which secondary usage of 
a spectrum is available as the gray space. The third area is an 
area in which secondary usage of a spectrum is available as 
the white space. 

Specifically, in the case where the communication device 
100 is located in a place which is inside the service area 12 and 
not affected by shadowing or fading, for example, the com 
munication device 100 can suitably receive a radio signal 
related to the first communication service. In this case, it is 
expected that the communication device 100 intermittently 
receives a signal of a control channel periodically transmitted 
from the base station 10 or an uplink signal transmitted from 
another communication device to the base station 10, for 
example, with a high signal level. Thus, the determination 
unit 130 can determine whether its own device is located in 
the first area or not by comparing the signal level (or its time 
average) of a received signal represented by the sensed data 
with a predetermined threshold, for example. 

Further, in the case where the communication device 100 is 
located in a place which is inside the service area 12 and 
affected by shadowing or fading, for example, it is expected 
that there is a variation in the signal level of a radio signal 
received in the communication device 100. For example, a 
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8 
downlink signal from the base station 10 affected by fading or 
an uplink signal intermittently transmitted from another com 
munication device to the base station 10 can cause the varia 
tion of the signal level observed in the communication device 
100. Thus, the determination unit 130 can determine whether 
which of the second area and the third area its own device is 
located by comparing dispersion of the signal level of a 
received signal represented by the sensed data (or standard 
deviation according to the dispersion) with a predetermined 
threshold, for example. 

Alternately, the determination unit 130 may determine that 
its own device is located in the third area when a control 
channel of the first communication service oran uplink signal 
is not detected from a received signal, for example. As a 
technique of detecting a downlink signal containing a signal 
of a control channel oranuplink signal from a received signal, 
a technique of detecting a header of a known packet in con 
formity to a communication protocol of the first communica 
tion service can be applied. 

After determining the kind of the area in which its own 
device is located, the determination unit 130 outputs a deter 
mination result to the secondary usage starting unit 140. 
The secondary usage starting unit 140 starts usage of the 

second communication service that uses a part or whole of a 
spectrum assigned to the first communication service by a 
procedure different depending on the determination result of 
the determination unit 130 (which is the kind of the area in 
which its own device is located). 

Specifically, when it is determined that the own device is 
located in the first area, for example, the secondary usage 
starting unit 140 first requests permission for start of second 
ary usage to a coordinator of the first communication service. 
In this embodiment, the coordinator of the first communica 
tion service is the base station 10 shown in FIG.1. However, 
another device that is connected by wire or wirelessly to the 
base station 10 or any communication device located inside 
the service area 12, for example, may serve as the coordinator 
of the first communication service. If the secondary usage 
starting unit 140 receives permission for start of secondary 
usage from the coordinator, the secondary usage starting unit 
140 starts communication by the second communication ser 
Vice with a nearby communication device. In this case, the 
secondary usage starting unit 140 may restrict a transmission 
power, a time slot or a frequency slot, a service area or the like 
to be used in the second communication service based on a 
parameter designated or recommended by the coordinator, 
for example. This prevents secondary usage of a spectrum 
from affecting the first communication service and degrading 
the quality of the first communication service. 
On the other hand, when it is determined that the own 

device is located in the second area or the third area, the 
secondary usage starting unit 140 starts communication by 
the second communication service without requesting per 
mission to the coordinator of the first communication service. 
At this time, when the own device is located in the second 
area, which is the gray space, for example, the secondary 
usage starting unit 140 first detects a time slot or a frequency 
slot that is not used in the nearby vicinity of its own device in 
the spectrum assigned to the first communication service. The 
secondary usage starting unit 140 then uses the detected time 
slot or frequency slot for the second communication service. 
Assume, for example, that the first communication service 

is a mobile phone connection service conforming to standard 
specification of longterm evolution (LTE) using time division 
multiplexing (TDM). In this case, orthogonal frequency divi 
sion multiple access (OFDMA) is used as a connection 
scheme of a downlink signal, and single-carrier frequency 
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division multiple access (SC-FDMA) is used as a connection 
scheme of an uplink signal. The secondary usage starting unit 
140 can recognize the timing of Switching between a down 
link signal and an uplink signal by performing blind detection 
of such a difference in connection scheme. The minimum unit 
of a time slot is thereby found. Then, the secondary usage 
starting unit 140 can detect a vacant time slot by observing 
each time slot. 

Further, assume, for example, that the first communication 
service is a service using frequency division multiplexing 
(FDM). In this case, the secondary usage starting unit 140 can 
detect a vacant frequency slot by observing a spectrum of a 
received signal in a spectrum assigned to the first communi 
cation service for a given time period. After detecting a vacant 
frequency slot in FDM, the secondary usage starting unit 140 
does not have to perform re-detection of a vacant slot for a 
longer time compared to the case of TDM. 

In the case where a certain signal level different from a 
control channel is observed in a received signal, it is likely 
that the received signal is an uplink signal that is transmitted 
from another communication device using the first commu 
nication service in the nearby vicinity. In this case, it is pre 
ferred to take measures such as increasing the frequency of 
observing a vacant time slot or frequency slot, canceling the 
secondary usage or using a Sophisticated interference control 
scheme in order to reduce the possibility that a communica 
tion device making secondary usage of a spectrum becomes a 
hidden terminal for the above-described another communi 
cation device. 

Furthermore, assume, for example, that the first communi 
cation service is a digital TV broadcast service. In this case, 
the secondary usage starting unit 140 may monitor whether a 
given signal pattern (a preamble, a pilot signal etc.) is 
observed continuously in common to a plurality of channels, 
and use a channel in which Such a signal pattern is not 
observed for the second communication service. In this case 
also, the secondary usage starting unit 140 does not have to 
perform re-detection of a vacant channel for a longer time 
after that compared to the case of TDM. 

There may be a case where a plurality of vacant time slots 
or frequency slots are detected, for example. In this case, it is 
preferred that the secondary usage starting unit 140 preferen 
tially uses a time slot or a frequency slot that can be used more 
stably for the second communication service. For example, 
both a fixed communication service in which directionality is 
given to an antenna and a communication service in which 
directionality is not given to an antenna exist between a base 
station and a communication terminal, the fixed communica 
tion service is less subject to interference. Thus, a time slot or 
a frequency slot that is prepared for Such a fixed communi 
cation service can be preferentially used for the second com 
munication service. 

Further, for example, that the first communication service 
is a service using code division multiple access (CDMA). In 
this case, the secondary usage starting unit 140 may detect an 
unused code that is not used in the nearby vicinity of its own 
device in the first communication service. In Such a case, the 
secondary usage starting unit 140 can use the detected unused 
code for the second communication service. 

Further, when the own device is located in the second area, 
the secondary usage starting unit 140 limits a power level of 
a transmission signal to be used for the second communica 
tion service to a predetermined range in order to avoid an 
adverse effect such as interference on the first communication 
service used by a nearby communication device. For 
example, assume that an interference level accepted by the 
base station 10 that provides the first communication service 
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10 
(which is referred to hereinafter as an acceptable interference 
level) I and a transmission power level T, from the base 
station 10 are known. Further, a reception level of a downlink 
signal of the first communication service contained in sensed 
data acquired by the data acquisition unit 120 is L. Then, a 
propagation loss of a power level in a communication path 
from the base station 10 to the communication device 100 can 

be calculated as PT-L. In this case, the secondary 
usage starting unit 140 can limit a power level T of a 
transmission signal to be used for the second communication 
service within the range of TsI+P. for example. Con 
sequently, even if a transmission signal used for the second 
communication service reaches the base station 10, a recep 
tion level of the transmission signal in the base station 10 
decreases from the power level Tupon transmission by the 
amount of the propagation loss P to become less than the 
acceptable interference level I. Note that, the secondary 
usage starting unit 140 may determine the range of a power 
level of a transmission signal to be used for the second com 
munication service by using the acceptable interference level 
and the transmission power level of a nearby another com 
munication device using the first communication service 
rather than the base station 10. Further, the secondary usage 
starting unit 140 may determine the range of a power level of 
a transmission signal to be used for the second communica 
tion service by using a value of minimum receiving sensitivity 
instead of the acceptable interference level of the base station 
10 or another communication device. 

In LTE, because a transmission power level and a phase 
that are both known are used for a downlink reference signal 
and an uplink demodulation reference signal, the propagation 
loss of a power level in a communication path can be calcu 
lated according to the above-described idea. However, in a 
communication system where transmission power control is 
performed, there is a possibility that the transmission power 
level T of the first communication service to be sensed is 
not easily found. In this case, the secondary usage starting 
unit 140 may acquire a communication distance from a target 
of sensing from GPS data or the like, for example, and cal 
culate the transmission power level T, based on the 
acquired communication distance and the above-described 
reception level L. Further, when the first communication 
service is a communication service in conformity with 
WiMAX, for example, the secondary usage starting unit 140 
may make an inquiry about the transmission power levelT 
to the base station 10 by random access using CDMA ranging 
region of WiMAX. 

Further, the secondary usage starting unit 140 may use an 
interference control technique Such as beam forming, for 
example, in combination. For example, the secondary usage 
starting unit 140 may find a relative positional relationship 
with a nearby communication device based on the sensed data 
and determine an appropriate shape of a transmitting and 
receiving beam. Further, the secondary usage starting unit 
140 may reduce a transmission power of every one hop by 
performing multi-hop routing between users of the second 
communication service, for example. Furthermore, the sec 
ondary usage starting unit 140 may reduce the possibility of 
interference by providing an unused blank range in the vicin 
ity of a slot to be used for the second communication service 
in a vacant time slot or frequency slot. By using such an 
interference control technique, the secondary usage starting 
unit 140 can safely start secondary usage of a spectrum in the 
second area, which is the gray space. 
On the other hand, when the own device is located in the 

third area, which is the white space, the secondary usage 

loss sea 
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starting unit 140 starts usage of the second communication 
service by using the spectrum assigned to the first communi 
cation service. 

Note that, when a radio signal conforming to the second 
communication service that has been already started by 
another communication device is detected, the secondary 
usage starting unit 140 may join the second communication 
service. Which of the first communication service and the 
second communication service a radio signal received by the 
communication unit 110 conforms to can be determined 
according to a communication protocol identified from a 
header of a signal or the like. 

2-2. Flow of Processing 

A flow of a communication control process up to start of 
secondary usage according to the embodiment is described 
hereinafter with reference to FIGS. 4 and 5. FIG. 4 is a 
flowchart showing an example of a flow of a communication 
control process up to start of secondary usage in the commu 
nication device 100 described above. 

Referring to FIG. 4, receiving an instruction for start of 
secondary usage of a spectrum from a user or a given appli 
cation, the data acquisition unit 120 acquires sensed data 
related to a signal receiving condition in a spectrum assigned 
to the first communication service (S102). Next, the determi 
nation unit 130 performs area determination processing for 
determining the kind of the area in which the communication 
device 100 is located based on the sensed data (S104). The 
area determination processing is further described later with 
reference to FIG. 5. After that, the process branches depend 
ing on in which of the first area, the second area and the third 
area the communication device 100 is located (S106, S108). 

First, if it is determined that the communication device 100 
is located in the first area, the secondary usage starting unit 
140 requests permission for secondary usage of the spectrum 
to a coordinator of the first communication service (S110). 
The process further branches depending on whether second 
ary usage of the spectrum is permitted by the coordinator 
(S112). If secondary usage of the spectrum is permitted, the 
secondary usage starting unit 140 starts secondary usage of 
the spectrum as the green space (S114). On the other hand, if 
secondary usage of the spectrum is not permitted, the second 
ary usage starting unit 140 ends the process without starting 
secondary usage of the spectrum. 

Further, if it is determined that the communication device 
100 is located in the second area, the secondary usage starting 
unit 140 determines a time slot or a frequency slot (or a code 
in CDMA) to be used for secondary usage by the above 
described technique (S120). Next, the secondary usage start 
ing unit 140 determines an interference control parameter 
(S122). Specifically, the secondary usage starting unit 140 
determines a power level of a transmission signal to be used 
for the second communication service based on known trans 
mission power level and acceptable interference level of the 
first communication service and a reception level of a down 
link signal contained in sensed data. After that, the secondary 
usage starting unit 140 starts secondary usage of the spectrum 
as the green space (S124). 

Furthermore, if it is determined that the communication 
device 100 is located in the third area, the secondary usage 
starting unit 140 starts secondary usage of the spectrum as the 
white space (S130). 

FIG. 5 is a flowchart showing an example of a detailed flow 
of area determination processing (step S104 in FIG. 4) by the 
determination unit 130. 
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Referring to FIG. 5, the determination unit 130 first deter 

mines whether the signal level of a received signal is larger 
than a predetermined threshold based on the sensed data 
acquired by the data acquisition unit 120 (S202). If the signal 
level of the received signal is larger than the predetermined 
threshold, the determination unit 130 determines that its own 
device is located in the first area, which is not the gray space 
or the white space (S214). On the other hand, if the signal 
level of the received signal is smaller than the predetermined 
threshold, the process proceeds to step S204. 

In the step S204, the determination unit 130 determines 
whether variation of the signal level of the received signal 
(e.g. dispersion of the signal level for a certain period of time) 
is larger than a predetermined threshold based on the sensed 
data acquired by the data acquisition unit 120 (S204). If the 
variation of the signal level of the received signal is larger 
than the predetermined threshold, the determination unit 130 
determines that its own device is located in the second area, 
which is the gray space (S210). On the other hand, if the 
variation of the signal level of the received signal is smaller 
than the predetermined threshold, the determination unit 130 
determines that its own device is located in the third area, 
which is the white space (S212). 
The communication device 100 according to the first 

embodiment of the present invention is described above with 
reference to FIGS. 2 to 5. According to the embodiment, the 
communication device 100 identifies the kind of the area in 
which its own device is located according to a signal receiving 
condition of the first communication service and starts sec 
ondary usage of a spectrum by a procedure different depend 
ing on the kind. Therefore, even when the communication 
device 100 is located in an area which is not the white space, 
Such as the gray space or the green space described above, for 
example, it is possible to safely start secondary usage of a 
spectrum without affecting the quality of the first communi 
cation service. 

It should be noted that, as a technique of making a group of 
users joining secondary usage of a spectrum in one spectrum 
hole, a group may be made according to position data and an 
average received power density of each user (each commu 
nication device). In this case, efficiency and safety of second 
ary usage of a spectrum can be enhanced by dividing users in 
accordance with an average received power density and mak 
ing a plurality of groups, for example. 

3. Description of Second Embodiment 

In the first embodiment, an example in which communica 
tion devices located in the first, second or third area individu 
ally establish a communication network by secondary usage 
of a spectrum is described. However, when a plurality of 
communication devices are located in different kinds of areas 
in close proximity to each other, for example, the communi 
cation devices may establish a communication network 
involving the first, second or third area in coordination with 
each other and extend the service area of the second commu 
nication service. 

FIG. 6 is a schematic view showing extension of a service 
area established by secondary usage of a spectrum. Referring 
to FIG. 6, communication devices 200a and 200b are located 
inside the service area 12 of the first communication service 
centering on the base station 10. An area 16c in which the 
communication device 200a is located is the above-described 
gray space. On the other hand, the communication device 
200b establishes an area 18b which is the green space under 
permission of the base station 10. The communication 
devices 200a and 200b can transmit and receive signals 
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because they are located in close proximity to each other. 
Thus, by negotiation between the communication devices 
200a and 200b, the green space and the gray space can be 
merged to establish an extended service area 19 of the second 
communication service. 

Therefore, in this section, an example of extending the 
service area of the second communication service by coordi 
nation between communication devices located in close proX 
imity to each other, such as the communication devices 200a 
and 200b shown in FIG. 6, is described as a second embodi 
ment of the present invention. 
3-1. Configuration of Communication Device 
A hardware configuration of the communication device 

200 according to the embodiment can be the same as the 
hardware configuration of the communication device 100 
according to the first embodiment shown in FIG. 2, for 
example. FIG. 7 is a block diagram showing an example of a 
logical configuration of the communication device 200 
according to the embodiment. Referring to FIG. 7, the com 
munication device 200 includes a communication unit 110, a 
data acquisition unit 220, a determination unit 130, a second 
ary usage starting unit 140 and a secondary usage extending 
unit 250. 

The data acquisition unit 220 acquires sensed data related 
to a signal receiving condition in a spectrum assigned to the 
first communication service, just like the data acquisition unit 
120 of the communication device 100 according to the first 
embodiment. Further, after the second communication ser 
Vice is started by the secondary usage starting unit 140, the 
data acquisition unit 220 collects profile data related to the 
second communication service (which is referred to herein 
after as secondary usage profile). The secondary usage profile 
can contain sensed data obtained by sensing a communication 
environment in the second communication service, an iden 
tifier and capability data (data related to a function of a 
device) of a device joining the second communication service 
and so on, for example. The secondary usage profile is output 
from the data acquisition unit 220 to the secondary usage 
extending unit 250. 
The secondary usage extending unit 250 negotiates with 

another communication device located nearby and extends 
the service area of the second communication service in 
response to an instruction for extension of the second com 
munication service from a user or a given application, for 
example. When the own device is making secondary usage of 
the spectrum in the second area, which is the gray space, for 
example, the secondary usage extending unit 250 checks the 
existence of another communication device establishing the 
green space in its close proximity by a method such as bea 
coning. At this time, a beacon transmitted from the secondary 
usage extending unit 250 through the communication unit 
110 may contain the above-described secondary usage profile 
that is collected by the data acquisition unit 220, for example. 
Then, the secondary usage extending unit 250 can exchange a 
parameter or the like recommended for extending the service 
area of the second communication service with another com 
munication device that has responded to the beacon and 
extend the service area. The recommended parameter may be 
a transmission power, a time slot or a frequency slot, position 
data of another communication device, data designating an 
interference control scheme or the like to be used in the 
second communication service after extension, for example. 

Further, when the own device is making secondary usage of 
the spectrum by establishing the green space under permis 
sion of the coordinator of the first communication service, for 
example, the secondary usage extending unit 250 can receive 
the above-described beacon from another communication 
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device located nearby. In this case, the secondary usage 
extending unit 250 requests permission for extension of the 
service area of the second communication service to a coor 
dinator of the first communication service. At this time, the 
secondary usage extending unit 250 may transmit the second 
ary usage profile contained in the beacon to the coordinator. 
After that, the secondary usage extending unit 250 receives a 
result of authentication according to the contents of the sec 
ondary usage profile and a recommended parameter when 
extension is permitted, for example, from the coordinator. 
When extension of the service area of the second communi 
cation service is permitted, the secondary usage extending 
unit 250 can exchange the parameter or the like with the 
communication device from which the beacon has been trans 
mitted and extend the service area of the second communi 
cation service. 

For transmission and reception of a beacon and exchange 
of a parameter or the like by the secondary usage extending 
unit 250, a communication protocol such as ultra wide band 
(UWB) or IEEE 802.11s, for example, that uses a spectrum 
different form that of the first communication service may be 
used. 
3-2. Flow of Processing 
FIG. 8 is a sequence chart showing an example of a flow of 

negotiation between communication devices upon extension 
of secondary usage according to the embodiment. A case 
where the communication device 200a located in the gray 
space negotiates with the nearby communication device 200b 
located in the green space about extension of a service area is 
described hereinafter by way of illustration. 

Referring to FIG. 8, the data acquisition unit 220 of the 
communication device 200a collects the above-described 
secondary usage profile firstly (S302). Next, the secondary 
usage extending unit 250 of the communication device 200a 
transmits a beacon for requesting extension of the service area 
of the second communication service to communication 
devices in the nearby vicinity (S304). 
The beacon is received by the communication device 200b 

in close proximity, for example. Then, the communication 
device 200b transmits an acknowledgement to the communi 
cation device 200a (S306). After that, the secondary usage 
extending unit 250 of the communication device 200b trans 
mits the secondary usage profile contained in the received 
beacon to the coordinator of the first communication service, 
for example, and requests authentication for extension of the 
service area (S308). Receiving a result of authentication indi 
cating permission or rejection for extension of the service 
area from the coordinator, the secondary usage extending unit 
250 of the communication device 200b transmits the result of 
authentication to the communication device 200a (S310). 
When extension of the service area is permitted, a param 

eter or the like for extension of the service area is exchanged 
between the secondary usage extending unit 250 of the com 
munication device 200a and the secondary usage extending 
unit 250 of the communication device 200b (S312). Conse 
quently, the second communication service as the gray space 
by the communication device 200a and the second commu 
nication service as the green space by the communication 
device 200b are connected, and the service area of the second 
communication service is extended (S314). 

According to the second embodiment of the present inven 
tion described above, the service area of the second commu 
nication service is extended by negotiation between commu 
nication devices located in different kinds of areas. Even 
when a communication device is located in the gray space and 
unable to directly communicate with a coordinator of the first 
communication service, for example, the device can receive 
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permission for extension of the service area from the coordi 
nator through another communication device establishing the 
green space. This provides a larger number of users with a 
chance to make secondary usage of a spectrum, and it is 
thereby possible to enhance the efficient use of limited spec 
trum.S. 

The subject matter of each embodiment described in this 
specification is applicable to various types of modes of sec 
ondary usage. For example, as described above, it can be said 
that operation of relay node or femto-cell to cover a spectrum 
hole of the first communication service is a mode of second 
ary usage of spectrum. Further, the relationship between any 
one or more of macro-cell, RRH (Remote Radio Head), Hot 
Zone, relay node, femto-cell and the like may form a mode of 
secondary usage of spectrum (Such as heterogeneous net 
work). 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 

For example, the communication control process for start 
ing or extending secondary usage of a spectrum described 
with reference to FIGS. 4, 5 and 8 is not necessarily executed 
according to the sequence shown in each figure. Specifically, 
the processing steps may be executed in different order or in 
parallel, or another processing step may be added. 
The present application contains subject matter related to 

that disclosed in Japanese Priority Patent Application JP 
2009-130092 filed in the Japan Patent Office on May 29, 2009 
and Japanese Priority Patent Application JP 2010-0 10407 
filed in the Japan Patent Office on Jan. 20, 2010, the entire 
contents of which are hereby incorporated by reference. 

What is claimed is: 
1. A communication device comprising: 
a data acquisition unit that acquires, by using a processor, 

sensed data related to a signal receiving condition in a 
spectrum assigned to a first communication service; 

a determination unit that determines, by using a processor, 
which of a first area inside a service area of the first 
communication service where a signal receiving condi 
tion is Suitable, a second area inside or in a peripheral 
part of the service area where a signal receiving condi 
tion is not suitable and a third area outside the service 
area the communication device is located based on the 
sensed data acquired by the data acquisition unit, 
wherein the determination unit determines whether the 
communication device is located in the first area or not 
based on a signal level of a received signal in the spec 
trum, and the determination unit further determines that 
the communication device is located in the third area 
when a control channel or an uplink signal of the first 
communication service is not detected; and 

a secondary usage starting unit that starts, by using a pro 
cessor, usage of a second communication service using 
a part or whole of the spectrum assigned to the first 
communication service by a procedure different 
depending on a kind of the area where the communica 
tion device is located determined by the determination 
unit. 

2. The communication device according to claim 1, 
wherein when it is determined that the communication device 
is located in the second area or the third area, the secondary 
usage starting unit starts usage of the second communication 
service without requesting permission to a coordinator of the 
first communication service. 
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3. The communication device according to claim 2, 

wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
detects a time slot, a frequency slot or a code not used in 
nearby vicinity of the communication device in the spectrum 
and starts usage of the second communication service by 
using the detected time slot, frequency slot or code. 

4. The communication device according to claim 2, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
limits a power level of a transmission signal for the second 
communication service within a range determined based on 
the sensed data. 

5. The communication device according to claim 1, 
wherein the determination unit further determines which of 
the second area and the third area the communication device 
is located based on a degree of fading appearing in a received 
signal in the spectrum. 

6. The communication device according to claim 1, 
wherein when it is determined that the communication device 
is located in the first area, the secondary usage starting unit 
requests permission for starting usage of the second commu 
nication service to a coordinator of the first communication 
service. 

7. A communication device comprising: 
a data acquisition unit that acquires, by using a processor, 

sensed data related to a signal receiving condition in a 
spectrum assigned to a first communication service; 

a determination unit that determines, by using a processor, 
which of a first area inside a service area of the first 
communication service where a signal receiving condi 
tion is suitable, a second area inside or in a peripheral 
part of the service area where a signal receiving condi 
tion is not suitable and a third area outside the service 
area the communication device is located based on the 
sensed data acquired by the data acquisition unit; 

a secondary usage starting unit that starts, by using a pro 
cessor, usage of a second communication service using 
a part or whole of the spectrum assigned to the first 
communication service by a procedure different 
depending on a kind of the area where the communica 
tion device is located determined by the determination 
unit; and 

a secondary usage extending unit that extends a service 
area of the second communication service by negotiat 
ing with another communication device located in 
nearby vicinity of the communication device and using 
the second communication service under permission of 
a coordinator of the first communication service. 

8. A communication control method comprising the steps 
of: 

acquiring sensed data related to a signal receiving condi 
tion in a spectrum assigned to a first communication 
service; 

determining which of a first area inside a service area of the 
first communication service where a signal receiving 
condition is Suitable, a second area inside or in a periph 
eral part of the service area where a signal receiving 
condition is not suitable and a third area outside the 
service area a communication device is located based on 
the acquired sensed data; 

determining whether the communication device is located 
in the first area or not based on a signal level of a received 
signal in the spectrum; 

determining that the communication device is located in 
the third area when a control channel or an uplink signal 
of the first communication service is not detected; and 
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starting usage of a second communication service using a 
part or whole of the spectrum assigned to the first com 
munication service by a procedure different depending 
on a kind of the area where the communication device is 
located. 

9. The communication device according to claim 7, 
wherein when it is determined that the communication device 
is located in the second area or the third area, the secondary 
usage starting unit starts usage of the second communication 
Service without requesting permission to a coordinator of the 
first communication service. 

10. The communication device according to claim 9, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
detects a time slot, a frequency slot or a code not used in 
nearby vicinity of the communication device in the spectrum 
and starts usage of the second communication service by 
using the detected time slot, frequency slot or code. 

11. The communication device according to claim 9, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
limits a power level of a transmission signal for the second 
communication service within a range determined based on 
the sensed data. 

12. The communication device according to claim 7. 
wherein the determination unit further determines which of 
the Second area and the third area the communication device 
is located based on a degree of fading appearing in a received 
signal in the spectrum. 

13. The communication device according to claim 7, 
Wherein when it is determined that the communication device 
is located in the first area, the secondary usage starting unit 
requests permission for starting usage of the second commu 
nication service to a coordinator of the first communication 
service. 

14. The communication device according to claim 8. 
wherein when it is determined that the communication device 
is located in the second area or the third area, the secondary 
usage starting unit starts usage of the second communication 
Service without requesting permission to a coordinator of the 
first communication service. 

15. The communication device according to claim 14, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
detects a time slot, a frequency slot or a code not used in 
nearby vicinity of the communication device in the spectrum 
and starts usage of the second communication service by 
using the detected time slot, frequency slot or code. 

16. The communication device according to claim 14, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
limits a power level of a transmission signal for the second 
communication service within a range determined based on 
the sensed data. 

17. The communication device according to claim 8. 
wherein the determination unit further determines which of 
the second area and the third area the communication device 
is located based on a degree of fading appearing in a received 
signal in the spectrum. 
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18. The communication device according to claim 8. 

wherein when it is determined that the communication device 
is located in the first area, the secondary usage starting unit 
requests permission for starting usage of the second commu 
nication service to a coordinator of the first communication 
service. 

19. A communication control method comprising the steps 
of: 

acquiring sensed data related to a signal receiving condi 
tion in a spectrum assigned to a first communication 
serv1ce; 

determining which of a first area inside a service area of the 
first communication service where a signal receiving 
condition is suitable, a second area inside or in a periph 
eral part of the service area where a signal receiving 
condition is not suitable and a third area outside the 
service area a communication device is located based on 
the acquired sensed data; 

starting usage of a second communication service using a 
part or whole of the spectrum assigned to the first com 
munication service by a procedure different depending 
on a kind of the area where the communication device is 
located; and 

extending a service area of the second communication 
Service by negotiating with another communication 
device located in nearby vicinity of the communication 
device and using the second communication service 
under permission of a coordinator of the first communi 
cation service. 

20. The communication device according to claim 19, 
wherein when it is determined that the communication device 
is located in the second area or the third area, the secondary 
usage starting unit starts usage of the second communication 
service without requesting permission to a coordinator of the 
first communication service. 

21. The communication device according to claim 20, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
detects a time slot, a frequency slot or a code not used in 
nearby vicinity of the communication device in the spectrum 
and starts usage of the second communication service by 
using the detected time slot, frequency slot or code. 

22. The communication device according to claim 20, 
wherein when it is determined that the communication device 
is located in the second area, the secondary usage starting unit 
limits a power level of a transmission signal for the second 
communication service within a range determined based on 
the sensed data. 

23. The communication device according to claim 19. 
wherein the determination unit further determines which of 
the second area and the third area the communication device 
is located based on a degree of fading appearing in a received 
signal in the spectrum. 

24. The communication device according to claim 19, 
wherein when it is determined that the communication device 
is located in the first area, the secondary usage starting unit 
requests permission for starting usage of the second commu 
nication service to a coordinator of the first communication 
service. 
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